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Abstract: In past few years, multilevel inverter technology is blooming and expanding for its medium and high-power
industrial applications. Basically, there are three main multilevel inverter topologies namely - Neutral Point Clamped,
Flying Capacitor and Cascaded H-Bridge (CHB). Among them, Cascaded H-Bridge has become popular because of its
modular design, simple control, reliability, availability and the absence of capacitor imbalance problem. This paper
focuses on two Asymmetrical topologies- binary Asymmetrical and trinary Asymmetrical CHB topologies. Here,
performance of these topologies is compared based on Total Harmonic Distortion (THD), efficiency and number of
power devices requirement. In addition to that, a computer simulation using MATLAB/Simulink has been developed
for seven level and nine level Asymmetrical CHB and their performances have been analysed. Consequently, higher
level Asymmetrical CHB proves to be an apt alternative for future endeavours in renewable energy sources.
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I. INTRODUCTION

Over the last few years, technology is prevailing in all its form to every sector possible and for such exponential growth
huge ac/dc power supply in industries and other areas is required [1][2]. For the purpose, inverter, a device that
converts electrical power from dc to ac form using electronic circuits is employed.

Among varieties of inverters, multilevel inverter surpasses all due to the advantage of high-power quality waveforms,
low electromagnetic compatibility. High performance a.c drive systems require high quality inverter output with low
harmonic contents [3]. Conventional two-level inverters require high switching frequency to obtain a quality output
voltage waveform whereas MLI could achieve higher power by using number of power switches with several low
voltage dc sources [4][5]. It can also produce output voltage waveform in steps which is closer to sine wave and
reduces total harmonic distortion.

Multilevel inverter is of three different types [6] :
* Diode Clamped Inverter
* Flying Capacitor Inverter
* Cascaded Inverter
Out of these, cascaded multilevel inverter has higher output voltage and power levels. It is one of the topologies used
for drive application which meets the requirement such as high-power rating with reduced THD and switching losses.
There are two types of CHB-MLI:
e  Symmetrical structure
When each cell of CHB-MLI is supplied by same magnitude of dc source then this structure is known as
symmetrical structure [7].
e  Asymmetrical structure
When each cell of CHB-MLI is supplied by unequal magnitude of dc source then this structure is known as
symmetrical structure [8]. Asymmetrical cascaded MLI has a smaller number of DC source voltage and switches as
compared to symmetrical cascaded MLI. An Asymmetrical cascaded MLI has an advantage of increased number of
voltage levels for a given module counts [9][10]. Asymmetrical cascaded nine-level MLI and seven-level MLI were
compared. On the basis of the obtained results, the most effective MLI is adopted that gives the reduced THD output
and better performance for the resistive load.
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I1. CASCADED H-BRIDGE MULTILEVEL INVERTER WITH UNEQUAL DC SOURCES

An Asymmetrical Cascaded Multilevel Inverter has DC sources of unequal magnitude of voltage. For our purposes,
seven-level and nine-level Asymmetrical Cascaded MLI are considered [11]12]. In case of seven-level Asymmetrical
Cascaded MLI, two unequal magnitude DC sources and eight power switches are used and three DC sources with
twelve power switches are used in 9 level Asymmetrical Cascaded MLI. The basic power circuit for seven-level and
nine-level Asymmetrical Cascaded MLI is shown in Fig. 1 and 2 respectively.
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Fig. 1 Asymmetrical seven-level MLI
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Fig. 2 Asymmetrical nine-level MLI

I1l. METHODOLOGY FOR SEVEN-LEVEL TOPOLOGY

The Asymmetrical cascaded seven level multilevel inverter has two DC sources and eight power switches magnitude of
DC sources are 150V and 200V respectively. The sources are connected to two H-Bridge units which are cascaded in
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single phase. In an individual H-bridge the output voltage is +Vpc, 0 or —Vpc. Hence the desired output voltage for 9
level Asymmetrical CMLI are -Vpc, -2Vpe, -3Vbe, 0, +3Voe, +2Vp, +Vpe. In order to get desired output voltage, the
power switches are turned ON and OFF in various combinations [13]. For maximum output voltage +3V; the switches
S1, Se, Ss and S; are ON and remaining switches are OFF at this time. Similarly, all voltage levels can be analyzed with
the help of following Table I.

Table I: Switching pattern for Asymmetrical cascaded seven-level inverter
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IV. METHODOLOGY FOR NINE-LEVEL TOPOLOGY

The Asymmetrical cascaded nine-level multilevel inverter has three DC sources and twelve power switches magnitude
of DC sources are 100V, 200V and 100V respectively. The sources are connected to three H-Bridge units which are
cascaded in single phase. In an individual H-bridge the output voltage is +Vpc, 0 or —Vpc. Hence the desired output
voltage for 9 level Asymmetrical CMLI are -Vpc, -2Vpc, -3Voe, -4Voce , 0, +4Voc, +3Voe, +2Vpc, +Voe. In order to get
desired output voltage, the power switches are turned ON and OFF in various combinations [14]. For maximum output
voltage +4V; the switches Si, Sio, Se, Ss, Ss and S, are ON and remaining switches are OFF at this time. Similarly, all
voltage levels can be analyzed with the help of following Table II.

Table I1: Switching pattern for Asymmetrical cascaded nine-level inverter

LEVELS 4v 3V 2V \Y 0 -V -2V -3V -4V
SWITCHES
S1 1 1 0 1 0 0 0 0 0
S2 1 1 1 1 0 0 1 0 0
S3 0 0 0 0 0 1 0 1 1
Sy 0 0 1 0 0 1 1 1 1
Ss 1 1 1 0 0 0 0 0 0
Se 1 1 1 1 0 1 0 0 0
S7 0 0 0 0 0 0 1 1 1
Sg 0 0 0 1 0 1 1 1 1
So 1 0 0 0 0 0 0 0 0
S10 1 1 1 1 0 1 1 1 0
Su 0 0 0 0 0 0 0 0 1
S 0 1 1 1 0 1 1 1 1
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V. CONTROL STRATEGIES FOR SWITCHING

Multilevel inverter has to render a staircase waveform by using the modulation techniques for controlled output voltage
[14] [15]. There are variety of modulation techniques available one out of such techniques are, level shifted pulse width
modulation(LS-PWM) which is considered as the most efficient method. The LS-PWM is classified into: a) in-phase
disposition, b) alternative phase opposite disposition (APOD) c) phase opposite disposition (POD) [15]. Here phase
disposition (PD) modulation technique is utilized. The reference signal has 50 HZ frequency and carrier waves have
2KHZ to 3KHZ frequency. A triangle generator is employed in order to get carrier wave. The modulation index is
defined as

Modulation index = Vyet/Vcar
where Vs is reference voltage and V¢ is carrier. And it is taken as 0.97.

V1. SOFT IMPLEMENTATION

The complete result is observed in MATLAB/SIMULINK .The complete simulation circuit for Asymmetrical 7 and 9
level MLI with resistive load are shown in Fig. 3 and 4.
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Fig. 4 Asymmetrical nine-level MLI
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The performance analysis has been carried out for seven-level and nine-level Asymmetrical inverters with resistive load
using following parameters specified in Table V.

Table I1I: Various input parameters for seven-level and nine-level Asymmetrical Multilevel Inverter

Parameters 7-Level Asymmetrical 9-Level Asymmetrical
Multilevel Inverter Multilevel Inverter

Voltage 350V 400 V

V1 150 V 100V

V> 200V 200V

Vs 100 V
Frequency 50 Hz 50 Hz
Load(R) 10Q 10Q

The output voltage waveform of seven-level Asymmetrical cascaded MLI with resistive load is shown in Fig. 5.

Output Voltage

g
T

g
T

°
T

055 06

Fig. 5 Output voltage waveform for seven-level Asymmetrical Multilevel Inverter

The output current waveform of seven-level Asymmetrical cascaded MLI with resistive load is shown in Fig. 6.
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Fig. 6 Output current waveform for seven-level Asymmetrical Multilevel
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The output voltage waveform of nine-level Asymmetrical cascaded MLI with resistive load is shown in Fig. 7.
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Fig. 7 Output voltage waveform for nine-level Asymmetrical Multilevel Inverter

The output current waveform of nine-level Asymmetrical cascaded MLI with resistive load is shown in Fig. 8.
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Fig. 8 Output current waveform for nine-level Asymmetrical Multilevel Inverter

The corresponding FFT analysis of voltage waveform of seven-level Asymmetrical cascaded MLI with resistive load is

shown in Fig. 9.
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Fig. 9 FFT analysis of voltage waveform of seven-level Asymmetrical Multilevel Inverter
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The corresponding FFT analysis of current waveform of seven-level Asymmetrical Multilevel Inverter is shown in
Fig. 10.
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Fig. 10 FFT analysis of current waveform of seven-level Asymmetrical Multilevel Inverter

The corresponding FFT analysis of voltage waveform of nine-level Asymmetrical cascaded MLI with resistive load is
shown in Fig.11.
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Fig. 11 FFT analysis of voltage waveform of nine-level Asymmetrical Multilevel Inverter

The corresponding FFT analysis of current waveform of nine-level Asymmetrical Multilevel Inverter is shown in
Fig.12.
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Fig. 12 FFT analysis of current waveform of nine-level Asymmetrical Multilevel Inverter
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The Table IV elucidates the simulation results of seven-level and nine-level Asymmetrical Multilevel Inverter. The
output efficiency procured by seven-level Asymmetrical Multilevel Inverter and nine-level Asymmetrical Multilevel

Inverter is 85.46% with 16.12% THD and 94.9% with 14.37% THD respectively. Overall, the voltage spectrum is
much better for nine-level inverter topology than seven-level Asymmetrical Multilevel Inverter.

Table IV: Comparison between seven-level and nine-level Asymmetrical Multilevel Inverter

Parameters 7-level Asymmetrical 9-level Asymmetrical
Multilevel Inverter Multilevel Inverter
No. of DC sources 2 3
No. of switches 8 12
Fundamental Frequency(Hz) 50 50
DC Source Voltage(V) 350 400
Voltage levels 7 9
Load Voltage (RMS) 256.4 284.7
Voltage THD (%) 16.12 14.37
Output Efficiency (%) 85.46 94.9

VIIl. CONCLUSION

The performance analysis of seven-level Asymmetrical and nine-level Asymmetrical CHB-MLI with multiple H-
bridges is carried out with resistive load. MATLAB/Simulink models are developed for both the topologies along with
line THD. The proposed model yields 14.17% THD for seven-level AMLI and 16.37% THD for nine-level
AMLI without using any filter circuit. From the simulation results it is observed that the generated voltage spectrum is
very much improved with nine-level inverter topology. Among the two configurations, it is evident that the nine-level
Asymmetrical CHB-MLI requires less number of switches and dc sources and generates high quality voltage with
minimum harmonics. The proposed inverter asymmetrical topology is more suitable for solar photovoltaic applications.
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